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(54) QAN SINGLE CRYSTAL AND ITS PRODUCTION 
(57)Abstract: 

PURPOSE: To obtain a high-quality GaN single crystal having enough thickness to 
be usable as a substrate singly. 

CONSTITUTION: This GaN single crystal is such that the full width at half 
maximum in Its double crystal X-ray rocking curve stands at 5-250sec and its 
thickness £80um This single crystal can be obtained by film formation, as buffer 
layers, of a substance good In the lattice conformity with the GaN single crystal on 
a substrate with at least Its surface representing GaN single crystal and then by 
crystal growth of the aimed GaN. There are two alternatives in this production 
method depending on the method of removing the buffer layers: one method is as 
follows: the above-mentioned crystal growth cycle Is repeated desired times and 
laminates are formed on the substrate P0 and then the respective buffer layers 
B1-Bn are removed at a time to obtain GaN single crystals P1-Pn; the other 
method is as follows: a buffer layer is removed at every cycle and the above- 
mentioned crystal growth cycle Is repeated for a GaN single crystal singly at all 
times. These two alternative methods may be combined with each other. 
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* NOTICES * 

JPO and NCEPI are not responsible for anydamages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated, 

[Claim(s)] 

[Claim 1] The GaN single crystal whose thickness the full width at half maximum of 2 crystallization X-ray 
rocking curve is 5-250sec, and is 80 micrometers or more. 

[Claim 2] The manufacture approach of a GaN single crystal of having the process which was made carrying 
out thin film growth of the matter with good grid adjustment with a GaN single crystal, turned to the buffer 
layer up on the substrate whose front face is a GaN single crystal at least, is made carrying out crystal 
growth of the GaN, and obtains a GaN single crystal. 

[Claim 3] The process which was made to carry out thin film growth of the matter with good grid adjustment 
with a GaN single crystal, turned to the buffer layer up on the substrate whose front face is a GaN single 
crystal at least, is made to carry out crystal growth of the GaN, and obtains a GaN single crystal is made 
into 1 time of a crystal growth cycle. The manufacture approach of the GaN single crystal characterized by 
removing each buffer layer after making 1 cycle repeat ******** form the above-mentioned crystal growth 
cycle at least on the obtained GaN single crystal, and obtaining a GaN single crystal. 
[Claim 4] The process which was made to carry out thin film growth of the matter with good grid adjustment 
with a GaN single crystal, turned to the buffer layer up on the substrate whose front face is a GaN single 
crystal at least, is made to carry out crystal growth of the GaN, and obtains a GaN single crystal is made 
into 1 time of a crystal growth cycle. The manufacture approach of the GaN single crystal characterized by 
removing a buffer layer for the above-mentioned crystal growth cycle for every [ 1 cycle repeat and ] cycle at 
least, and obtaining a GaN single crystal by using the obtained GaN single crystal as a new substrate. 

Petailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the quality GaN single crystal which can be suitably used 

as GaN single crystal substrates, such as blue light emitting diode, and its manufacture approach. 

[0002] 

Pescription of the Prior Art] The appearance of the semiconductor device in which luminescence of short 
wavelength from blue to an ultraviolet-rays wavelength field is possible is strongly searched for by the 
demand of multiple-color-izing in a luminescence display etc., and the demand of the improvement in data 
density in a communication link, record, etc. Its attention is paid to the GaN system single crystal which is a 
nitride with the largest band gap in an Ht-V system compound semiconductor as a semiconductor material 
this blue - for ultraviolet luminescence devices. Since GaN has direct transition mold band structure, since 
the band gap in a room temperature is as large as about 3.4eY it presents blue - ultraviolet luminescence 
possible [ efficient luminescence ], and it is a suitable ingredient for the demand of the above-mentioned 
semiconductor device. However, since [ that crystal growth temperature of GaN is high and ] the equilibrium 
vapor pressure of the nitrogen near crystal growth temperature is high, it is very difficult to manufacture a 
large-sized single crystal for high quality from melt Therefore, growth of a GaN system single crystal was 
performed by the heteroepitaxial growth method based on the non-static reaction by MOVPE (Metal 
Organic Vapor Phase Epitaxy) or MBE (Molecular Beam Epitaxy) to an excellent in thermal resistance 
silicon-on-sapphire, or SiC substrate top. On the other hand, the method of having formed membranes., 
upwards on silicon on sapphire by making ZnO into a buffer layer, and growing up a GaN single crystal was 
indicated (for example, Applied physics letter Vol.61 (1992) p.2688), and production of a GaN substrate was 
attained in recent years. By growing up a homogeneous GaN system single crystal thin film on this GaN 
substrate, the quality of a GaN system single crystal thin film improved compared with the direct crystal 
growth to the above-mentioned silioon-on-sapphire top. 
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[0003] 

[Problem(s) to be Solved by the Invention] However, by the conventional approach vising Above ZnO as a 
buffer layer, since membrane formation of ZnO to a silicon-on-sapphire top was what is depended on the 
sputtering method, this ZnO layer did not become the single crystal of high quality, but since the quality of 
this crystal structure influenced the following GaN single crystal layer, there was a problem that a quality 
GaN single crystal was not obtained. Moreover, the crystal quality of the GaN single crystal known 
conventionally Even if the quality, the full width at half maximum (full width at half-maximumof the 
double-crystal X-ray rocking curve) of 2 crystallization X-ray rocking curve lOOsec extent, Mobility in a room 
temperature Although it was 600cm2 / VS extent Since the method of growing up a crystal was MOVPE, it 
was difficult to separate a GaN single crystal from the substrate of a basis by not obtaining only about 5 
micrometers of thickness, since it is very thin, for example, to use independently as a substrate of a 
semi-conductor light emitting device. For this reason, when a GaN single crystal was used, it was obliged to 
use with the condition of having been formed on the substrate of a basis. Hereafter, on these specifications, 
"2 Full width at half maximum of a crystallization X-ray rocking curve" is only called "fall width at half 
maximum." Moreover, although the thing of thickness with the GaN single crystal sufficient as a substrate 
grown up by HVPE (Hydride Vapor PhaseEpitaxy) on the ZnO buffer layer was obtained as mentioned 
above, the full width at half maximum of the quality was the thing of low quality of 300 or more sees. That is, 
there was no GaN single crystal which has good quality and sufficient thickness in coincidence. 
[0004] The purpose of this invention is a quality single crystal, and is offering the GaN single crystal which 
has such sufficient thickness that using as a substrate independently is possible. Other purposes of this 
invention are quality single crystals, and are offering the manufacture approach of a GaN single crystal 
which can manufacture the GaN single crystal which has such sufficient thickness that using as a substrate 
independently is possible. 
[0005] 

[Means for Solving the Problem] Even if a GaN single crystal is the crystal structure of low quality by the 
conventional manufacture approach, this invention person etc. Even if it is a crystal of those other than 
GaN(s), such as silicon on sapphire, these or as first crystal substrate By grid adjustment with a GaN single 
crystal carrying out thin film growth of the good matter, considering as a buffer layer besides, and carrying 
out crystal growth of the GaN on this As that the GaN single crystal of high quality is obtained more and the 
GaN single crystal concerned are used as a new substrate and a buffer layer and a GaN single crystal are 
again grown up on this It responded for repeating carrying out epitaxial growth of the buffer layer matter 
and the GaN by turns, the GaN single crystal was improved more in quality, and header this invention was 
completed for the ability to form in sufficient thickness. 

[0006] The GaN single crystal and its manufacture approach of this invention have the following description. 

(1) The GaN single crystal whose thickness the full width at half maximum of 2 crystallization X-ray rocking 
curve is 5-250sec, and is 80 micrometers or more. 

(2) The manufacture approach of a GaN single crystal of having the process which was made carrying out 
thin film growth of the matter with good grid adjustment with a GaN single crystal, turned to the buffer 
layer up on the substrate whose front face is a GaN single crystal at least, is made carrying out crystal 
growth of the GaN, and obtains a GaN single crystal. 

(3) Make into 1 time of a crystal growth cycle the process which was made to carry out thin film growth of 
the matter with good grid adjustment with a GaN single crystal, turned to the buffer layer up on the 
substrate whose front face is a GaN single crystal at least, is made to carry out crystal growth of the GaN, 
and obtains a GaN single crystal The manufacture approach of the GaN single crystal characterized by 
removing each buffer layer after making 1 cycle repeat ******** form the above-mentioned crystal growth 
cycle at least on the obtained GaN single crystal, and obtaining a GaN single crystal 

(4) Make into 1 time of a crystal growth cycle the process which was made to carry out thin film growth of 
the matter with good grid adjustment with a GaN single crystal, turned to the buffer layer up on the 
substrate whose front face is a GaN single crystal at least, is made to carry out crystal growth of the GaN, 
and obtains a GaN single crystal The manufacture approach of the GaN single crystal characterized by 
removing a buffer layer for the above-mentioned crystal growth cycle for every [ 1 cycle repeat and ] cycle at 
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least, and obtaining a GaN single crystal by using the obtained GaN single crystal as a new substrate. 
[0007] 

[Function] The GaN single crystal of this invention is formed on a substrate by repeating membrane 
formation of a buffer layer, and the crystal growth of GaN in cycle by turns again. Many rearrangements, a 
stacking fault, etc. which exist in a substrate are extinguished by the inside of the crystal growth layer of 
GaN, and a buffer layer, or the interface of a substrate and a buffer layer or the interlace of a buffer layer 
and a GaN crystal growth layer. Therefore, whenever it performs this crystal growth cycle once, it is thought 
that it will be asymptotically converged on single crystal structure which is specified on growth conditions if 
the quality of the single crystal structure of GaN improves and this is repeated infinite. If the GaN single 
crystal obtained by the manuiacture approach of this invention has good quality and it is required for it, it 
can be formed even in the thickness of 80 micrometers or more, and will become desirable as a substrate of a 
semi-conductor light emitting device especially. 
[0008] 

[Example] Hereafter, an example is given and this invention is explained more to a detaiL The GaN single 
crystal of this invention has sufficient thickness of 80 micrometers or more, so that the full width at half 
maximum can show the value of 5-250sec and can use [ quality ] it as a substrate independently, as 

. described above. In this invention, quality of a GaN single crystal was made into the quality of a GaN single 
crystal with the value of the full width at half maximum shown by this approach, using an X-ray diffraction 

•method as an approach for expressing numerically. An X-ray diffraction method is an approach of using the 
diffraction of the X-ray irradiated by the crystal. Also in it, by this invention, in order to raise the accuracy of 
measurement, it measured by the approach of using two crystals. The X-ray diffraction method using two 
crystals is an approach of evaluating the lattice constant of a sample to a precision and evaluating the 
integrity of a crystal from the half-value width. In the quality evaluation of the GaN single crystal in this 
invention, the X-ray which carried out incidence from X line source was monochrome- ized to altitude with 
the 1st crystal, the GaN single crystal of the sample which is the 2nd crystal was irradiated, and FWHM 
(full width athalf-maximum) centering on the peak of the X-ray diffracted from this sample was measured. 
In X line source, it is Cukalphal. It used and the X-ray was generated in 30kV and 10mA. germanium (400) 
was used for the 1st crystal for monochrome-izing. Measurement shall be performed about the diffraction 
peak of GaN (0002), and step spacing of measurement shall be performed at 0.002 degrees. 
[0009] The manufacture approach which it shall mention later about the experimental value of the quality of 
the GaN single crystal by this invention, and then can obtain the GaN single crystal of such quality is 
explained. Drawing 1 R> 1 is drawing showing typically an example of the formation process of the GaN 
single crystal by the manuiacture approach of this invention, the first substrate P0 whose front face is a GaN 
single crystal at least as this draftsman shows the manufacture approach of the GaN single crystal of this 
invention most briefly to 1 grid adjustment with a GaN single crystal deposits the good matter upwards - 
making - buffer layer Bl ** - it turned up, crystal growth of the GaN is carried out, and a GaN single 
crystal is obtained. 

[0010] The manuiacture 'approach of the GaN single crystal of this invention is the substrate PI of the 
layered product formed by this draftsman at the process 1 again as shown in 2. Grid adjustment with a GaN 
single crystal turns the thin film growth of the good matter up, and it is buffer layer B-2. Substrate P2 which 
formed upwards, is made to carry out crystal growth of the GaN, and consists of a GaN single crystal It is 
made to form counting a process 1 with the 1st time, and repeating such a process n times in cycle -- the 
maximum upper layer - GaN single crystal Pn each buffer layer accumulated till then after growing up - at 
once - removing - GaN single crystal PI -Pn dissociating - many - it is the approach of using as the GaN 
single crystal of several sheets, although the crystal quality of GaN obtained improves by the 
above-mentioned approach whenever it increases the number of cycles, after improvement in crystal quality., 
reaches equilibrium - rather - many - it will become useful as several substrates production technique. 
[0011] Further, as shown in 3, this draftsman the manuiacture approach of the GaN single crystal of this 
invention Buffer layer Bl of a process 1 It removes and is the GaN single crystal P0 and PI. It dissociates. 
Independent substrate PI of a GaN single crystal It obtains and is the substrate PI concerned. Grid 
adjustment with a GaN single crystal turns the thin film growth of the good matter up, and it is buffer layer 
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B-2. It formed upwards, crystal growth of the GaN is carried out, and it is buffer layer B-2. It removes and is 
the GaN single crystal PI and P2. It dissociates. The GaN single crystal Pn is obtained by counting a process 
1 with the 1st time, and repeating such a process n times in cycle. That is, this approach is the approach of 
always using the GaN single crystal which removes the buffer layer which became the foundation of the 
crystal growth whenever the GaN single crystal newly obtained carried out crystal growth for every cycle, 
and is newly obtained as a GaN independent single crystal. After improvement in crystal quality reaches an 
equilibrium state like the above-mentioned process 2 also in this approach, it uses as a product ingredient, 
and also two GaN single crystals separated by removing a buffer layer may be respectively used again as a 
substrate of the following GaN crystal growth cycle. 

[0012] Moreover, it considers as the approach of compounding suitably two approaches shown in processes 2 
and 3, and how to remove a buffer layer to every [ of the arbitration of a crystal growth cycle ] count k can be 
considered. The count k of the arbitration in this case may be chosen freely. 

[0013] As mentioned above, by repeating a crystal growth cycle, whenever the crystal structure of GaN 
performs this crystal growth cycle once, quality improves, and the manufacture approach of the GaN single 
crystal of this invention is the GaN single crystal Pn very quality to the n-th desired count. It is obtained. 
[0014] Thin film growth of a buffer layer has the desirable forming-membranes method which can grow 
epitaxially especially to upgrading of the GaN single crystal obtained, although the well-known 
forming-membranes method and a crystal growth method are used. Moreover, the forrning-membranes 
method which can grow epitaxially is desirable to upgrading like [ the approach of carrying out crystal 
growth of the GaN to up to a buffer layer ] thin film growth of a buffer layer. 

[0015] Epitaxial growth is the approach of growing up the same matter as this, or the matter of the same 
crystal structure on a crystal substrate as a single crystal with which the sense of the crystallographic axis 
was equal to the sense of the crystallographic axis of a substrate. In this invention, the forming- membranes 
method to which epitaxial growth of the matter used as GaN or a buffer layer is carried out is the most 
desirable, and VPE (Vapor Phase Epitaxy), HVPE, MOVPE, MBE, GS-MBE (Gas Sourse MBE), CBE 
(Chemical beam Epitaxy), etc. are mentioned especially. 

[0016] Especially the count n that repeats the above-mentioned crystal growth cycle is not limited, and 
although it may determine the count of a cycle according to the number of sheets of the GaN crystal 
substrate to need, corresponding to the quality of the GaN crystal for which it asks, in order to use as a GaN 
crystal substrate for the usual semiconductor devices, it serves as crystal quality sufficient by two - about 5 
times. 

[0017] Although the method of removing the above and the buffer layer used as the foundation of the crystal 
growth of GaN may be what kind of approach as long as it is an approach that the obtained GaN single 
crystal may be separated, its chemical removal approach by an acid etc. is effective. 

[0018] What has grid adjustment good [ the matter used for the above-mentioned buffer layer ] with a GaN 
single crystal is used. A GaN single crystal and the good matter of the affinity made from a grid say that in 
which the lattice constant of the a-axis in a crystal lattice also has the crystal structure of the Ur Die Zeit 
mold which is less than **5% preferably less than **10% to it of a GaN single crystal. ZnO is mentioned as a 
desirable example of the matter with which are satisfied of this. The lattice constant (the die length of a unit 
lattice) of the a-axis of ZnO is 3.2496A, and since it is equipped with +1.9% and the lattice constant 
approximated very much to the lattice constant of 3. 189A of the a-axis of GaN and the good crystal growth of 
GaN can perform it, it is desirable. Moreover, the etching removal nature of ZnO by the acid is good, and 
suitable for it as matter used for a buffer layer also at this point The thickness of a buffer layer has 0.01 
micrometers - desirable about 100 micrometers. 

[0019] The first substrate P0 That whose front face is a GaN single crystal at least is used. That is, they are 
the independent substrate of the GaN single crystal with which the whole consists only of GaN substantially, , 
or the substrate [ as / only whose front face which has a GaN single crystal layer on the front face by the side 
of the buffer stratification is a GaN single crystal ]. In the case of the latter, what has the thermal resistance 
good as base material matter which supports a GaN single crystal layer to the growth temperature 
(1000-1100 degrees O) of a GaN single crystal is desirable, for example, a sapphire crystal substrate, Si 
substrate, Xtal, a ZnO substrate, a SiC substrate, etc. are illustrated formation of the GaN single crystal 
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layer to these base material matter top - MOVPE - law and MBE - it can carry out by the heteroepitaxial 
growth method based on the non-static reaction by law etc 

[0020] [A manufacture experiment of a GaN single crystal and quality assurance experiment] Next, a GaN 
single crystal is actually manufactured by the manufacture approach of the GaN single crystal of this 
invention, and the result of having checked the quality is shown. 

As the example of the one example experiment of an experiment shows to the process 2 in drawing 1 as an 
approach of repeating the crystal growth cycle in the manufacture approach of the GaN single crystal of 
above-mentioned this invention, it is the first substrate P0. Up, sequential growth of a buffer layer and the 
GaN single crystal was carried out, the laminating was turned, and it considered as the approach of 
removing each buffer layer at once finally, and separating a GaN single crystal, the first substrate P0 ****** 
- a sapphire crystal base material top - MOVPE - the substrate to which epitaxial growth of the GaN single 
crystal layer was carried out by law was used. The buffer layer set thickness to 0.2 micrometers, and set the 
ingredient to ZnO. A crystal growth cycle shall be repeated 5 times. GaN single crystal PI -P5 formed in 
crystal growth cycle each time All thickness aimed at 300 micrometers. GaN single crystal P5 obtained at 
the end When full width at half maximum was measured, it was 29sec and the thickness was 305 
micrometers. 

[0021] In the example of the two example experiment of an experiment, it replaced with the approach of 
repeating the crystal growth cycle in the above-mentioned example 1 of an experiment, as shown in the 
process 3 in drawing 1 , whenever the GaN single crystal grew epitaxially, the buffer layer before that was 
removed, and the completely same GaN single crystal as the example 1 of an experiment was produced 
except having always used a new substrate as the GaN independent single crystal of one sheet GaN single 
crystal P5 obtained at the end Pull width at half maximum of quality was 28sec(s), and the thickness was 
289 micrometers. 

[0022] In the example of the three example experiment of an experiment, the completely same GaN single 
crystal as the example 2 of an experiment was produced except having used the substrate of three layers 
which consists of silicon on sapphire, a buffer layer of A1N (alumimium nitride), and a GaN single crystal as 
first substrate in the above-mentioned example 2 of an experiment. The manufacture process of the 
substrate of three layers is explained briefly, a 300-micrometer [ in thickness ], and sapphire crystal area 
5cmx5cm substrate top - as a buffer layer - A1N - MOVPE - epitaxial growth is carried out to the thickness 
of 500A by law - making - with the condition ingredient gas - changing - the same MOVPE - epitaxial 
growth of the GaN single crystal was carried out to the thickness of 2 micrometers by law, it considered as 
the surface, and the substrate of 3 layer structures with a total thickness of about 302 micrometers which 
consists of a sapphire crystal substrate, an A1N buffer layer, and a surface of a GaN single crystal was 
obtained. GaN single crystal P5 obtained at the end by this experiment Full width at half maximum of 
quality was 25sec(s), and the thickness was 295 micrometers. 

[0023] the example of the four example experiment of an experiment -- the above-mentioned example 2 of an 
experiment - setting -- the first substrate P0 ****** - as the ingredient (BeO) of the buffer layer in each 
cycle at the time of repeating the crystal growth cycle of a GaN single crystal using the same substrate of 
three layers as the example 3 of an experiment 0.13 (ZnO) 0.87 The completely same GaN single crystal as 
the example 2 of an experiment was produced except having used. GaN single crystal P5 obtained at the end 
by this experiment Pull width at half maximum of quality was 28sec(s), and the thickness was 301 
micrometers. 

[0024] In the example of the five example experiment of an experiment, in order to compare with the quality 
of the GaN single crystal by this invention, the quality of the GaN single crystal by the conventional 
manufacture approach was investigated. On 300 micrometers in thickness, and an area 5cmx5cm sapphire 
crystal substrate, the buffer layer with a made from ZnO by the sputtering method thickness of 0.6, 
micrometers was formed, and epitaxial growth of the GaN single crystal was carried out to 250 micrometers 
in thickness by HVPE on it. The full width at half maximum of the quality of this GaN single crystal was 
420sec(s). 

[0025] It was checked that it is possible to manufacture the quality GaN single crystal which the 
manufacture approach of the GaN single crystal of .this invention does not have in the former by the 
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above-mentioned experimental result so that clearly, and it is possible to manufacture in sufficient thickness 
to use a GaN single crystal as an independent substrate. 

[0026] Such a quality and thick GaN single crystal obtained by the manufacture approach of this invention 
is preferably used for the application of semi-conductor light emitting devices, such as light emitting diode 
(LED), laser diode (ID), and super luminescence diode, an electron device, eta In a semi-conductor light 
emitting device, it is using the GaN single crystal of this invention as a substrate, and manufacture of LED, 
LD, etc. which have the structure of the same polar zone as the conventional red LED eta is attained. What 
carries out blue luminescence also especially in these is important. Moreover, the effectiveness of 
luminescence of the semi-conductor light emitting device will become higher. 

[0027] [Quality assurance experiment of LED using the GaN single crystal by this invention] LED using the 
GaN single crystal obtained by the manufacture approach of this invention as a substrate was actually 
manufactured, and the quality was checked. Moreover, LED which uses respectively the GaN single crystal 
and sapphire crystal of quality as a substrate conventionally was manufactured, and it compared with the 
quality of LED which uses the GaN single crystal of this invention as a substrate. As a GaN single crystal of 
quality, full width at half maximum used the thing of 300sec(s) conventionally. The quality of LED was 
evaluated about early brightness and an early life. The life measured the brightness after carrying out 
continuation luminescence according to a 20mA current for 2000 hours into the ambient atmosphere of 85% 
of temperature humidity of 85 degrees C, asked for the decreasing rate to the brightness in early stages of 
the brightness, and A and less than two to five decreasing rate % was divided into B, and it divided 5 - 10% of 
decreasing rates into C and three ranks for less than 2% of decreasing rates. Structure of LED was 
considered as the configuration of the double heterojunction mold which the GaN single crystal obtained by 
the manufacture approach of this invention is used [ mold ] as a substrate, and comes to carry out sequential 
growth of a n-AlGaN cladding layer, the InGaN barrier layer of undoping, and the p-AlGaN cladding layer 
on this substrate. The full width at half maximum of the quality of the substrate of the GaN single crystal by 
this invention is three kinds, 30sec(s), lOOsec, and 250sea All thickness is 280 micrometers. Moreover, the 
presentation ratio of InGaN of a barrier layer considered as two kinds, In0.15Ga0.85N and In0.25Ga0.75N, 
and experimented by creating a light emitting device about InGaN of each presentation ratio. This 
experimental result is shown in the next tables 1 and 2. 
[0028] 
[Table 1] 
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[0030] As shown in Tables 1 and 2, it is early brightness and the point of a life and, as for LED using the 
quality GaN single crystal by this invention as a substrate, it turned out that it is LED superior to the 
conventional thing. 

[0031] Moreover, the following phenomenon has been checked about LD. In the conventional LD which uses 
a sapphire crystal as a substrate, since the condition of the field of a GaN system compound semiconductor 
layer that a sapphire crystal will not be in the mirror plane condition that a substrate side is desirable, but is 
formed in the substrate side since formation of a cleavage plane is the difficult matter followed the condition 
of a substrate side, the reflector desirable for LD was not able to be formed. However, since it had thickness 
quality [ the GaN single crystal by this invention ], and sufficient, it became easy to obtain the cleavage 
plane by using a GaN single crystal as a substrate. Moreover, in LD using the conventional GaN system 
compound semiconductor, since crystal quality was inferior, induced emission by current impregnation was 
not able to be attained, but when constituted and experimented in the stripe laser of the Fabry-Perot 
resonator using the quality GaN single crystal by this invention as a substrate, induced emission was 
checked in the room temperature. 
[0032] 

[Effect of the Invention] As explained in full detail above, the GaN single crystal of this invention equips 
coincidence with the crystal quality which was not in the former, and sufficient thickness. Moreover, the 
manufacture approach of this invention can offer suitably the GaN single crystal which equipped coincidence 
with such quality and sufficient thickness. Therefore, in order to obtain LED which presents efficient blue 
luminescence, and an ultraviolet-rays laser diode or a heat-resistant good semiconductor device, the 
substrate of a suitable GaN single crystal is offered and the thing of it can be carried out. Moreover, the 
manufacture approach of this invention can manufacture efficiently the improvement in the crystal quality 
of a GaN single crystal, and not only acquisition of thickness but several quality GaN many single crystals, 
and is a industrial very important technique. 

[Brief Description of the Drawings] 

Prawing 1] It is the mimetic diagram showing an example of the process of the manufacture approach of 

the GaN single crystal by this invention. 

Pescription of Notations] 

P0 The first substrate 

PI -Pn GaN single crystal 

Bl-Bn Buffer layer 
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(2) 

1 

5 0 s ecT$»D, £##8 0 AtnUU 

±T&*GaN3M8a. 

2 ] 4>fe< £ t>«W3^G a N*BaTfc*g 
«±KG a N*Jieat©»^»&tt©fi»^ft«&»K 

tg a NWMatffftxaftars g a Nm«a<oK& 
m 

W*«3] *fc<fcfc«W#GaN]M8aT**« i0 

tta S ttT/X y7rltlfc±l:GaN 

TG a N*|taft*«xaft 1 ®0ttftrtaiM**fc 

u ften^GaNJMta±K:±eiiaAa^^^« 

fc#As/7 7H£B*£U GaN*tta*»*Ct*4» 
«t« G a N¥*ga©«B#j!fe. 

[H*9t 4 ] 4>fc < t Ib&m&G a N¥tefiT**S 
«±fcG a NVfifa^O^fl^ttO^AttK^MIR 

TG a Nl|i«i,fi£?#*Ig£ 1 HOlSaAA^^/l^^ 

j: G a NJtMea^sam 

[0 0 0 1] 

flDGaN*ISa»«tLTjKilCffiVi*c:t«JT€r«* 

aRfcGaNSMBa, ^otttofrftfcw**, a? 

[0 0 0 23 

ot, fir6^^«^««fi®«fcs*sjstao«3fe*jRi 
ig^^7 ? M-rxcow^d^<^«e>e>nT^5. 

tfi-MMT/HXKD^fitbt, III — 
<OS*fcffafe»»-C**. b*U GaNH 

«8UBE*t»^fc», »a^^iesa«T^c[>#»a&«afi 

T*Cfc«ttaTeMft?*5. ftoT, GaN^W 
®&£te, »SRttfc«n^iJ-7r-f7S«^fcttS i C 
££±^0), MOVPE (Metal Organic Vapor Phase 
Epitaxy) £fct£MBE (Molecular Beais Epitaxy) \Z 
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2 

y7T®t VTVy 7 <t 7WasL±XZim\s1tUiZ G a N 

¥JBa£tf«3tf*#ft#Hw3n (iwttt Applied 

physics letter Yol.61 (1992) p.2688 ) , GaNSS 
<bftm*SlWiZfc^1t. C<OGaNS«±lC^M0Ga 
N**tta»B*«fi***£ifc<fcoT, ±!B^7r 
-f 7a«±^<Dtf[«Wft:l»a*«t< ^GaN« 

a»mt©aatt«i±ufc. 

[0 0 0 3] 

mmw&\s&5t-rzwim tzz^ ±i2zno 

a*±^© Z n O co^*tx/^ ? *y > y» t * * * © 
sznoittjasaso^teatttft&r, 
^oi»a«NBc!)aK^®GaN*ttaMidrar«^ 

* KigflKfc G a NWUHtm e n& V* & V> 5 PSffiatfc 

ofco a*»&nTVifcGaN*isa©»aaii 

7<n*m±m (fall width at half-maxinumof 
the double-crystal X-ray rocking curve) #10 0 
s e cm gi&TcOMobllity ft 6 0 0 cm 8 /VS 
»ft*«««*S««MOVPET 

GaN#»a*t>i:©a«^64MIIU fliAtf** 

±E©J:5K:ZnOAy7TJB±K:, H 
VPE (Hydride Vapor PhaseEpitaxy ) fc^oTrtfi 
$t&GaNWlft *Ktl/TI4+»«P*©t>© 
^»6nTV>fc^ ^<DaH«¥ffi±«!S#3 OOsec 

ftj**t*ra»fc«rr«GaNm»att^^fcoT* 

[0004] *«w©Btttt, «aitft*MaT. ^ 

**#■«■*, GaN#iias«ft-r*tiT**. 
nftttasfiHi, xas&*iia-c. mfflT^« 

& bTffl V> * d t antJtBfc H &*TT * G a 
N¥tea©ajft*n*«B&, G a N^«a©«i2arft*fi 

[0 0 0 5] 

mmzm&TzittixD^m GaN^ 
«ea#fi£*c!)»i^te»c<j:*«aH©»a#ijfiT*oT 

K*oTt>. cn&ft«a©iia»«i:i/T, c<o± 

ICG a N#j^at<Z)^S^tt^«F^^»S*K^a 
$-B-TAy7T®tU CO±fcGaN«»a**** 
Z>Zt\Z&?T> «fcDi«aH©GaN»ISa^en6 
ut, fe«fc^KGaN*ISa&»F&^S«i:U W 
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(3) 

3 

[0006] *nnoGaNJNiuj:i^cE«abm 

(1) 2JSaSX«Dy*>y*-^©*«±«*«5^2 
5 0 s e cT»D, flO, JP**«8 0 Mm£JLkT&£G 
aNTO. 10 

(2) *»<t'b*ffi^GaN*«aT***«±ICGa 

Kv ? 7 Mt Lft±\ZG a N«8a**3l*TG a N* 

»a***xatttt-*G a MNMeaaatft. 

(3) ^<t'b*ffi*tGaN*«S-C***K±fcGa 
;tsr 7 r@ t b£±»CG a N*«M*S*TG a N# 
fcG a N*»fi±fc±l2*a*fi^^^**3te< t%> 
ra**£U GaN*Bft«1l«J:tft»«t-r*G 

(4) *&<fcfc*ffi#GaN¥»aT&**«±lCGa 
/I* y 7M£. bfcJblCG a Nft»a*ft«^TG a N* 
fcG aN**aS*ffc^*«fcbT±Bttft*«U-f ^ 

tT*GaN«Bfi(DKS*8c. & 
[0 0 0 7] 

(OAK&GaNCDttad&^^SlC. 1M#)V 

TV»ft#<OGtt« aA*HS&£t;k GaNOii^ 
JBrt, /ty7 7Bft *fctt*«t/ty7rJBtflDj|i 
M> *&Ji;ty7TJitGaNtta*f0iiO||LffiT» 

fc, GaNO*t»i«iB0!>AKIM±l/, CftfclBOfc 

\zMi&mzitii$i'rz>h<D£&t>ftz. *&mommjj& 

fc*-3T»Sn*GaN¥*iattaH*«A»7?*t)» * 
[0 0 0 8] 

■rr*. **w©GaN*«fira, ±f2b^^aic, * 

<B#MI£lltf*5-2 5 0 s e c0tt&*r 0 

*»T«StUTfflV»ac:i:^T** 50 
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WTtt, GaNJMift©fl«ftR«T«Tfc«)0*St 

ft«on«<boTGaN*tta«>ait&bfe. x^est 

*«Wfc*W'*GaN*tta«>a«W«fc 
*v>TI;k x«*^&A»bfcX««f»i»atJ:DK 
*fc¥«fcLT. «2MaT»«KH0)GaN*ISaK: 
■ItU C©tW*6B»M'*X«©K-irti|i-b4:'r 
5FWHM (full width athalf-nmiinuim) 
fco X&KfcttCukai fcfflK 3 0kV, 10mA 

■cx««*4s*fc. m&ik<Dft&<omimfk\z\t+ g 

e (4 0 0) SffiVifc. M&tt* GaN (0 0 0 2) O 
HIIfffcr-^fc^^TfT^ MSOXfyyilllHttO. 0 

0 2° TfrSfccDtUfc. 

[0 0 0 9] *«^fc«fc«GaN*IISaoaHro^ttffi 

aN»»aft»*j:t*«RjiBfeiBS*tfe««wr*. 0 

1 i»9iHon»tticJ:«G aN«iiao9jjtra<D 

afclMUctt, EHxaifc*-r<fc5fc, 
^<t'b*W*«GaN*|iaTft«»a©S«Pp ± 
KG a &£tt#l«frfctt«£*Sa;*tf 
TA*;7rHBi ibfc±»CGaN&ISa^S$*TG 
a NJtL&a&&* h<DX$>Z>. 
[0 0 10] *»Q©GaNWflia©HiB^». * 

&; i^igx@2^-r<fc'5ic, xai-c»**nfc«w 

#0>g£Pi ±lCGaN*lSaiO»^a**)9«A»ft 
W§iI^l$tW^7rlB: *»*Ufc±ICG 
a N§«S^$tG a Nf m 0 ^5S«P 2 

£Olftl8*» xai&l®Sti8c^Tir 
<Y * JV« n EhJ» 0 jg-T C <h fc J; o Tg±© fc G a N # 

■ *-*lC**U GaNJMSaPi -p. *&mi>T 

*fcftoGaN#aafr**t6T**. ±8**^ 
stefl±*r*#> aaAJtaAJ^v&ttffifc&bfca 

[0 0 11] *^©GaN¥»a<0«ii*®4, 2 6 
fc, HHxa3fc:*f«k5lc* xmio/^yyrmBi 
*»*bTGaN*«aPc , Pi GaNI 
^a<D^S«Pi ft*. SttiS«Pi ±KGaN« 

atoa^a^tt^AWttfcfiftaiwa^uTAy 7 

7«Ba ^^cbfc±^GaN$^a^S-&, Ky? 
7iB: ft»£tTGaN*MPi , P. S^JSf 
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5 

Wfcn[ilHD}g-r2:t»CJ:oTGaN*ttftP.*t#6 

a*«-r**K, *©»a««©»«£fco&Ay7 7 

»ft«ICGaNJM©*|iat-r**tt-C**..2:«!)* 

ttfc*^rt)±Bxa2tn*ic, ttaaK©i*i±jw 

2^0GaN*»iH «att»tl/TK«t«ll!lC 
&©G a N»MIW-f ^^©»S t bTHtfWffl 

[0 0 12] 182, 3fc^Ufc2 0©*tfeea 

©^©«&©[hJ3& k ttfi SKMRl/TJ:^. 
[0 0 13] ±R(D±o\z, *KH©GaNJMSa©H 

G a NomWBMKttAAJHf^f flUfe 1 0frfc5$ 

GaN*BaPi 3ftt#6n*tV^fcOT**. 
[0 0 14] ;ty7r«olHWSfttt» &fci©j£jBlfc* 
»artSfeWBV>&n**«, •teXK^*3^ir/l'*»Tff 
ttfttiMtfeft *£ft«GaNWIia©aKAl±lC#L 

Av7 7Jl©*Ite«i:RI«C* xt:** 

;prtOT«tt««»««aHrti±K^UT»* u v>. 
[0 0 1 53 eas«±K:£n 
£fl-»«**W4W-«a^©«Mt** *-©£&$& 
©is s «t*«<D»a«©rt * o fcm&a t hxm 

7 7«^fe**«*Xt!^*^^;W*fi*^*««»*« 
ftfcff*U<, fttCVPE (Vapor Phase Epitaxy ) > 
HVPE, MOVPE, MB E* G S — MB E (Gas So 
orse MB E) , CBE (Chemical beam Epitaxy ) ^ 

[0 0 16] ±E*a*ftU'-f^;V*l»t3jB-ri3fcn 
tt, ttfc»ftan*fe©Ttt&<* sfcaSGaN&acD 

anfc*i:T, &gt-r*GaNi§a£«©«» 

7/W^fflOG aN«JW*tLT«Vi*lCtt, 20- 

5 ®eST+#fcieaa» fcfe*. 

[0 0 17] ±13, GaN©ISa«fi©*at£:&«3&/t 
y7 7l*»A«*SH »6nfcGaN*ttK» 

[0 0 1 83 ±fE;ty77»fc«^6n*«WH:» Ga 

aNi^at^fu^o^feitu tsafc^ic 

*5tt* aH©»T«W^ G a NS«a©-Wlfc*tl,T 



(4) #§§¥7-1 6 5 49 8 

6 

M[©tta»a*>»^*)©ftW5. dn*«je-r*«« 

Offil/V^tl/t, ZnOW6»6n«. ZnO©a 
tt©»^£S Wtt*^©*^) tt3. 2 4 9 6AT& 
V* GaN©affi©&^£&3. 18 9Afc#l,T + 
1. 9Xt, #*fc5fic«bfc*^g»*flfiLT*0, A 

ff^GaN©ea«fi^if^ff«©Ta*uvi. s/t, 
j»t%>, Ay77®tfflv^«aatuT»siT&s. ;t 

y7 7JB©JP*tt. 0- 0 1/im-10 0/imiSW 

[0 0 19] g«J©££Po 4>&<fcfc«M#Ga 
NSBaT***©*^*, EP^> ^#3W*R»fcG 
aN«»^6fe*GaN»*a©*a©»K, 
G a N*&ajg * A y 7 7 t«rf* <k 3 

ft> »*^G aNTOT»5<k^Sra5, 
»#©«<&, GaN#eaSSfi^-T*S«ftHi:UT 
14, GaN#J8a©«fi®K (1 0 0 0-1 loot:) 
fc#1-*»*tt*«A»*:t>©3WI*U<, M^«f7 7 

<7*sa»£, s #a, znoss, s ics 
20 «&£wi*sn*. cn&g#^H±^©GaN¥£r 
aH©&Att* MOVPE^, MBE8&HfcJ:*IMF 
«R*C»^<^7 t axt:^^ir;VrtfittJcJ:'3Tff 

[0 0 2 0] CG aN«tta©S»ftlft«<l:rXaK«IR 
%W *«W©GaN*«fa©«a*»K:J:oT 
XB&GaN*tta*WiU ^©a®£&&Ufcfc§m 

SiftWl 

*£&0raa, ±B*8H©GaN¥tta©aH&#&£ 
50 *»«|taj*»*-f^^*IID»+*lfci:l/T* 011: 
*»*xe2fcw-rJ:5fc, §30©£«Po ±l:Ay7 
7JB**^GaN*«a*li5*C*fiS*TWiU, 
fc&M v 7 7 JB L/TG a N¥tta & »NTT 
*;#fc,Lb£. &13J©&fcPo fcbTte, 1*77^ 7» 
aS»±teMOVPEttfcJ:0GaN*lsaJB€XK^ 

0. 2 urn, SfiSZnOtlfc. ttBAAlM 
5EII0igt*fc©<hL&. ttAJ*J^*>t«l§rMM 
«*n*GaN*ieaPi -P. ©#*te£T3 0 0/xm 
40 SiStUo §^lC#^nfeGaN#^aPs ©¥fit 

JP*I*3 OStfraT^fc. 
[0 0 2 13 £$092 

sHUkM-ei*. ±ib^^ i ic*»t*»a«fiu-f 

£180 E"r#ttfcft*.T. 0 1 fc*tt*XB 3 ic^-r* 
G a N^a^xtf^^$/tMf t5SI:, * 
©W©/ty7 7JB*»*U Srfcfcgfcfcttfc: 1#©G 

aNma©*»atufcWM4, £tt«ii±<^«© 

GaN¥»a©^USfTofc, S«»C#6n^GaN# 
50 &aPs ©aSt«, *H4W2 8secT*D, * 
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7 

It. *<DBM*2 8 9 MmT&ofc. 
[0 0 2 2] M3 

T, if77^TMii, A IN (gfc7;i^-£A) 0 

0 0 Il5cmX5cm©D-7 7'1'7^IS 
«±fc> ny77®tl/TAlN$MOVPEftl:cko 
Tff*5 0 0 A*W^*VtM«t, 

WCMOVPEScfcJc^T 
GaN*ll«JP*2|iinaETXlf^*S'ir^a«* 

G8N*<Sao«JB^&^tt*»3 0 2 /imO 
HJMIS<D3«*»&. ***!CJ:'3T*«lC»6n& 
GaN^IP 5 (D&mt, ¥(t^25sec7» 
0, £&/*<DJP#te2 9 
[0 0 2 3] «R«|4 
^ftHMTtt. ±e*»W2fc*ViT, &*U©»&Po 

»ta;ty7rJB©*f»fcbT (BeO) o.u (ZnO) 

*ga©fe$S£fTofc. «M»CfcoT»»K:ff6nfcG 
aNTOPs <D&W\t, *m&m#2 Ssecr* 
0, -e<D0#r*3 0 1 /xmTifcofc. 

[0 0 2 4] gg*0!J5 

*^^<5GaN*»ftoa«tlttt 
T*fcfcfc:, a*©»jg*t*lCj:$GaN*«aoaa 
SrH^fc. JfS3 0 0/im, ®K5cmX5cmW 

©±KHVPEfc*^TGaN**Sfi&JP3 2 ^ 0/zm 

2 0 s ecT*ofc. 
[0 0 2 5] ±BMM*TH&*tt£3K. *«RO 
G aN*«ra<D»&»tt»« {fcfefcfcfcK fcflKfcG 
aN*||fiS»jSr*Ct3ft«lIiBT»D. GaN 
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[0 0 2 6] *»W©»JB3?ttfcJ;oTff6n** 21© 
(LED) , V"-tf-^-f*-H (LD) , 

LED, LD*©»jgj&tltfflg£fc,5. cnSOft^Tt) 
i0 ftfc* Wfi8*T*fc©t«RT**. ^©¥¥ 
fl^**© J^©»* 0 K V> t>© fcft*. 
[0 0 2 7] (*B8ifc**GaN¥*tafcJBl>&LE 

G a N Vflf A«£K£ LTffi ^fcLED 
U -£©«SSt£flli8Lfc„ t^SSt©GaN$ifc! 
a, ^<kW77^7^1$^MtnLED^ 
#U *»WOGaN*lt»««fcf*LEDOail 
iritfeLfco WI©GaNf^atLTH 

0 0 s e c ©*©**! Wfc. LED©aSriv 10 

200 o#wm&5ffii<Kit&<Dftm*Mfeu *om 

*©a»©JWfc^*«T****, ET$S2%*$S! 
*A. «T*2^5*»X*B, ®T#5-10%£C 
3907>^fc»»t. LED ©#H£ri, *BE© 
«5fi*ttfcJ:oT#6nfcGaN*lifi*«RfcU 
at«±fc, n-AlGaNmHI, 7>F-:/©I 
nGaNfg&Jg, p -A 1 G aN^7y PflMGfcftA 
Sirr&*y:/;i^xn»£3©#WfcLfc. 
# **G aN#tea©£«©fi*ra, ¥ffi^H«t3 0 s e 
c> lOOsec, 2 5Osec03iiT*5. I* 
ttt^T2 8 0/imT*5. M^)InGaN 
©Jl&JBfcJtteU Ino.uGao.asN^ I no.25Gao.75 
N©2 8«fcU £*©&J&Jt©I nGaNC^t, 
^*«fM6U*««r3&. £©&»*§*£&©£ 

1, 2 

[0 0 2 8] 

[£13 
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[0 0 2 9] 



(6) 

JStefiCD&fttt;* I n». uGao. .«NTfc*LED 
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20 





FWHM 








(sec) 


Ccandela) 




CaN 


3 0 


1 . 8 


A 


GaN 


1 0 0 


1. 4 


A 


G a N 


2 5 0 


1. 2 


B 


CaN 


3 0 0 


1. 1 


B 






1. 0 


C 










f&&m<Z>&&lt# I ni. ssGa*. uN*C&4L E D 








£ « 


FWHM 




# ft 




(sec) 


Ccandela) 




GaN 


3 0 


2. 9 


A 


GaN 


1 0 0 


2. 5 


A 


GaN 


2 5 0 


2. 2 


B 


GaN 


3 0 0 


2. 2 


B 






2. 0 


C 



[0 0 3 0] ft 1, 2{C^r<£5iC, 

[oo3i] LDnwi/Ttt, xommfflmv 



#SligcDX ^U— !f-***U*ft Ufct c*, 
[0 0 3 2] 

stats* «*ictttt*o&*aaHt*»aj»*ftRi>* 

t^oT> aanuDira 
GaN¥»a0£«*g#-r*;i£T£*. *» 

W©«fi*t5fett» GaN¥»a©16aflB0ffli:43J:tf 

»*©a»*£tt-efc<, »a«^GaN#»a*»*& 

[013 *«^fC±*GaNm»a<0«i£*te<OXe<3D 
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11 



(7) 



12 



Pi -Po GaNVBA 



7-165498 



P. 



zszzm 



20B 



P. 



B. 



Pi 



P, -P. CaNWft 
B. ~B. '<»7r« 



nOSB 



_P.-i 




P* 




W////M 



P. 



Pi 



IS2 
P. 



P. 



Pi 



Xg3 
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